lasers based on the technology developed for the AVLIS Program at LLNLT3 Both laser types are complicated and highly manpower intensive. For LGS systems to be usable for routine astronomical application, they must be reliable, robust and operate in a turnkey mode. Longer term, astronomers need robust, compact, energy-and cost-effective sodium lasers in the 10-50 W class for the next generation of extremely large aperture telescopes (30-100 m) proposed for construction by 2020.
Semiconductor diode lasers with continuous and agile beam steering capability are important for many applications, such as optical cross connects for optical fiber networks, 3D displays and 3D imaging. Acoustic-Optical-Modulators (AOM)' and silicon-based MEMS mirrors' have been demonstrated to steer laser beams. However, AOMs are very bulky and expensive. Siliconbased MEMS mirrors on the other hand require hybrid integration with laser diodes. As a result, silicon-MEMS beam steerable devices exhibit fairly high costs due to the requirements for high accuracy in surface mounting and beam alignment. Further, the scanning speed is slow in milliseconds, due to still sizable MEMS mirrors.
This paper demonstrates the first monolithically fabricated laser beam steering device based on GaAs-based MEMS. Since the laser and actuator are monolithically integrated, this device can be potentially cost effective and scalable. Other GaAs-based devices integrated with MEMS have been reported.'-' This paper represents the first integration with an edge-emitting laser. Fig. 1 shows the SEM picture of a fabricated device. An edge-emitting laser is fabricated with part of its waveguide cavity freely suspended and connected to a comb drive actuator. The wafer was grown by MOCVD on semi-insulating GaAs substrate. The total thickness is 17 pm including (from top) a 5 pm P-I-N edge-emitting laser emitting at a wavelength of 970 nm, a 5 pm NAl,,4Gao,6As, 4 pm intrinsic GaAs sacrificial layer and a 3 p n intrinsic A&,,Ga,,,As stop layer. The ridge waveguide laser is fabricated with reactive ion etched (ME) mirrors, followed by a selective etching process to define the suspended cantilever waveguide and the comb drive. A 40-pair comb drive6 is deployed as the actuator. In order to optimise for both steering angle and device stabilization, anchored folded beam6 and serpentlike springs are introduced. The actuation is provided by the electrostatic attraction force between the comb fingers when a voltage is applied. Fig. 2 shows pulsed L-I curves of a 6 pm ridge waveguide edge-emitting laser integrated with the MEMS actuator before and after MEMS release etching step. The output power is lower for the completed laser most likely due to heating experienced by the partially suspended laser cavity. To actuate thedevice,a40VDCand lOVAC bias is applied to the device. Fig. 3 shows the actuation amplitude frequency response. The device reaches its resonant frequency peak at 16.8 IcHz, with a Q-factor of about 10. Under biasing at the resonant frequency, the full scanning angle is 7 degrees. Other MEMS structure we fabricated exhibited great than 10 degrees full scanning range. This range is expected to increase to over 25 degrees with proper design. Fig. 4a and 4b shows the laser beam image as it was actuated at the resonance and off-resonance. Fig. 4c and 4d are top view images of the waveguide at and off resonance, respectively, taken with a CCD camera. Since the CCD frame rate is 30 Hz, the blurred image indicates the fast scan-ning area for the device operating at 16.8 KHz resonant frequency.
To summarize, we demonstrated the first monolithically fabricated pure 111-V compound based 1D laser beam steering device based on the integration of edge emitting laser with comb drive actuator. The steering angle is 7 degrees and the resonant frequency is at 16.8 kHz. A larger steering angle can be achieved with further optimization of the structure.
We would like to thank Luxnet Inc. for providing edge-emitting laser wafers, and David Lo, Xiaofan Meng, Charlie Williams for their assistance. Holography is probably best known for its application in 3-D displays. The unique ability of holography to record and reproduce the amplitude and phase of optical wavefronts has also been used for storage, processing, communication, and sensing of information. In this tutorial will focus primarily on the application of holography in information systems with emphasis on devices for telecommunications. The primary use of holography in telecommunications has been for the recording of gratings in fibers, waveguides and bulk media. We will review some of these devices and discuss how the properties of the holographic recording medium determines device performance. ( -V/h') in holographic storage arises from the three dimensional, volumetric nature of the storage process, while highly parallel organization of the input data in the form of two-dimensional data pages provides a possibility for extremely high data transfer rates. In digital holographic data storage' data modulation coding, data interleaving, and error correction are usually implemented in addition to conventional holography and multiplexing. The performance of the holographic disk digital data storage system is determined by several major factors, most notably, by the optical parameters (such as the imaging NA), material performance (dynamic range or M/#, scattering, and thickness), as well as available laser power. The storage density per hologram is directly related to the imaging NA and optical Wavelength?: D , -(NA/h)'. By multiplexing a multitude of holograms the total density is further increased. The larger is the NA, the higher is the storage density; however, the achievable NA is determined primarily by the complexity of the optical system design.
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In holographic disk storage one of the primary factor limiting the density is the media scatter and limited dynamic range. The raw recording density in this case can be expressed as:
where E, is the scatter per steradian of the reference beam into the direction of the image detector, 5 is the parameter which relates the actual hologram size to the Nyquist limit (6 -1.0 to 1.4), and SScR is the signal-to-scatter ration, which, for acceptable SNR, must typically be at least 50 to 100 due to coherent nature of the scatter noise. Another boundary on the recording density arises from the limit on the available laser power at high readout data rates. At low signal levels, when the detector noise becomes dominant, the achievable density is given by:
where Po is the average laser power (CW or pulsed), qOpr is optical efficiency (i.e., the ratio of the reference beam power illuminating the hologram area to the total laser power), R is the total raw data rate (i.e., frame rate times the number of pixels per page), p is the fraction of ON pixels in the page and Emin is the minimum optical energy per ON pixel for sufficient signal to noise ratio (-IO4 photoelectrons typically).
The density limits described by Eqs. 1-2 are shown in Figure 1 using the parameters of the Stanford/HDSS holographic disk system.' By combining high NA imaging optical system (NA -0.36) with correlation multiplexing in rotating disk architecture, both extremely high data rates and high capacity are achieved.
StanfordlHDSS digital holographic disk storage demonstrator' incorporates high NA imaging optics, FPGA-based channel decoding and synchronization electronics, precision electro-mechanical components, computer control, and high-performance Polaroid/Aprilis CROP photopolymer disk media4 (Figure 2) . 1 Megapixel 1000 f p s digital Kodak C7 CCD camera and 650 fps IBM FLC SLM are used as detector and page composer respectively. The recording and readout is performed using a pulsed 532 nm NdYAG laser. The photopolymer disk is rotating (300 RPM) on an air-bearing spindle during both the 
